Purpose Bone graft is often recommended as an adjuvant for treatment of scaphoid nonunions. However, recent literature has suggested that fibrous nonunion may be suited to treatment with rigid fixation without bone grafting. This work reported on outcomes of compression screw fixation for established scaphoid fibrous nonunions without bone graft. Methods Fourteen patients underwent surgical compression screw fixation without bone grafting of scaphoid fibrous nonunion between January 1, 2000, and December 31, 2012, with minimum follow-up until the time of clinical and radiographic healing. Fibrous nonunion of the scaphoid was defined as a scaphoid fracture with all of the following features: (1) persistent tenderness, (2) incomplete trabecular bridging on three Xray views, (3) injury that had occurred at a minimum of 6 months prior to surgery, and (4) identification of fibrous union at the time of surgery. Outcomes were assessed with range of motion assessment, Disability of the Arm, Shoulder and Hand (DASH) scores, and plain radiographs. Results Twelve of the 14 patients healed successfully, while two patients required secondary vascularized bone grafting. Both unhealed patients sustained proximal pole fractures and had a duration of ≥1 year from injury to surgery. Average time to healing was 4.4±2.0 months. Average flexion was 73±22°a nd average extension was 66±22°postoperatively. Average grip strength was 90±25 lbs on the operative side. Mean postoperative pain score was 1.4 (range, 0 to 7). Mean postoperative DASH score was 10.2 (range, 0 to 52). Increasing age and an interval from injury to surgery of >1 year correlated with worse DASH and pain scores. Conclusions Patients with fibrous scaphoid nonunion demonstrated good results with rigid fixation without bone grafting. Increasing age and >1-year interval between injury and surgery resulted in lower self-assessed outcomes. Level of Evidence Therapeutic Level IV, retrospective case series
Introduction
Scaphoid nonunion represents a debilitating condition that frequently leads to wrist malalignment and arthritis if untreated [9, 11, 12, 14, 19] . A wide range of surgical treatment options have been reported, from percutaneous fixation to microsurgical vascularized graft techniques. [2] Recommendations for surgical options vary depending on the timeframe from injury, previous surgery, and amount of displacement.
Fibrous nonunion of the scaphoid was described in detail by Barton in a small series of patients with osseous nonunion and an overlying stable fibrocartilage surface; half of these cases proceeded to persistent nonunion [1] . Treatment recommendations for fibrous scaphoid nonunions are remarkably uniform among primary orthopedic and hand surgery textbooks: all referenced sources encourage rigid fixation with the addition of bone grafting [5, 7, 8, 17 ].
Weber and Cech described two basic types of nonunions in long bones-vital and avital-depending on the underlying biological healing capacity; vital fractures were proposed to lack only mechanical stability [21] . A number of authors have reported success in small series of scaphoid nonunions treated with stabilization without bone grafting, although inclusion criteria and outcome assessment measures vary within these publications [3, 4, 6, 10, 13, 15, 16, 18] . In particular, definitions of Bfibrous^nonunions were defined heterogeneously based on static imaging or intraoperative exploration. Unlike prior publications, this work used a minimum 6-month time from injury and did not require prior arthroscopic evaluation. Prognostic factors were evaluated for associations with final outcome and healing rate.
In symptomatic patients with absent interfragmentary motion, internal fixation was performed without bone grafting. The purpose of this work is to report the results of open compression screw fixation without bone grafting in symptomatic fibrous nonunions of the scaphoid.
Materials and Methods
Between December 7, 2000, and February 28, 2014, 17 consecutive patients meeting the inclusion criteria were treated for scaphoid fibrous nonunion by the senior authors using compression screw fixation without bone grafting. All patients underwent initial conservative treatment with casting. Fourteen of these patients were followed until the time of radiographic and clinical healing, and three were lost to follow-up. The risks, benefits, and alternatives to surgery were discussed in detail, and all patients provided informed written consent. Approval from the institutional review board (IRB) was obtained, and a retrospective chart review was undertaken. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008.
The criteria outlined in the Strengthening the Reporting of Outcome Studies in Epidemiology (STROBE) statement [20] were followed when applicable to a case series. Collected data included age, timepoint of radiographic and clinical healing, flexion/extension arc at postoperative visits, grip strength, visual analog scale (VAS) pain scores, Disability of the Arm, Shoulder and Hand (DASH) scores, return to previous activity level, and complications. Computerized tomography was not routinely used due to cost and risks of ionizing radiation.
Inclusion/Exclusion Criteria
Patients were included if they met the following criteria: (1) persistent tenderness, (2) incomplete trabecular bridging on three X-ray views, (3) injury that had occurred at a minimum of 6 months prior to surgery, and (4) identification of fibrous union at the time of surgery. Patients were excluded if they exhibited carpal collapse, avascular necrosis, significant displacement, or mid-carpal instability. Fibrous nonunion was confirmed if a patient meeting the above criteria was found to have no radiographic or intraoperative evidence of motion at the fracture site. This was evaluated with an ulnar-deviated posteroanterior stress X-ray that demonstrated no increased displacement compared to a standard PA radiograph ( Fig. 1 ) and/or intraoperative inspection after an open approach. Patients were excluded if they had undergone previous surgery.
Data Collection
Preoperative and latest postoperative data were obtained from clinic notes. Flexion/extension arc was measured using a hand-held goniometer. Grip strength was measured using a hand-held dynamometer. Patient-reported VAS pain score and DASH score were collected and recorded into notes.
Surgical Technique and Postoperative Course
All surgeries were performed by the senior authors (DPG, RCS) using an open approach. Proximal third fractures were treated with a dorsal approach, and middle third fractures were treated with a volar or dorsal approach. A guide wire was placed from the proximal pole of the scaphoid into the central axis as confirmed by fluoroscopy. A headless compression screw (Acutrak; Acumed: Hillsboro, OR) was placed over the guidewire after measuring appropriate length. A median screw length of 20 mm was used (range, 16 to 25 mm). No bone grafting or biological adjuvants were used during surgery.
Postoperatively, a short arm splint was applied. Two patients were immobilized for 2 weeks and started on early active and passive motion exercises with a splint for comfort. The remaining patients were immobilized for an average of 10.8 weeks (range, 8.0 to 13.0). Patients underwent a progressive course of physician-directed hand therapy to improve range of motion and strength. Regular follow-ups were performed at 2, 6, and 12 weeks after surgery. Subsequent followup visits continued until symptoms resolved. Union was verified clinically by resolution of pain with palpation and radiographically with the appearance of complete bridging trabeculae on three X-ray views. 
Statistical Analysis
Descriptive statistics were calculated and reported in the format mean ± standard deviation (SD) or with ranges where appropriate. Univariate modeling of prognostic factors between groups was performed using a nonparametric Wilcoxon rank sum test chi-square approximation for nominal variables and a bivariate linear logistic regression with analysis of variance for continuous variables. Significance was set at p≤0.05.
Results
Mean age was 21.1±10.6 years old. Thirteen patients were male (93 %) and one was female. There were nine fractures of the proximal third of the scaphoid and five middle third fractures. The mean time from injury to surgery was 13.6 months (range, 7.0 to 24.1 months). Twelve of the 14 patients healed at an average of 4.4±2.0 months (range, 2.0 to 8.0 months). Two patients did not heal and underwent vascularized bone grafting; these two patients remained moderately symptomatic at latest follow-up with DASH scores of 24 and 33. Average flexion was 73±22 degrees and average extension was 66±22°postoperatively. Average grip strength was 90±25 lbs on the operative side and 98±27 lbs on the nonoperative side at latest follow-up. Mean postoperative pain score was 1.4 (range, 0 to 7). Mean postoperative DASH score was 10.2 (range, 0 to 52). Eleven out of 12 patients that healed returned to their previous level of activity, reporting no symptoms or only mild discomfort with heavy lifting, while one patient reported persistent pain and need for activity modifications.
Prognostic Factors
Univariate analysis was performed for age and fracture location using pain and DASH scores at latest follow-up as endpoints. Increasing age correlated with higher DASH (R 2 = 0.6733; p = 0.0006) and pain score (R 2 = 0.6131; p = 0.0009). Patients who underwent surgery <1 year after the date of injury (n=7) uniformly reported pain and DASH scores of 0, which was significantly lower than patients who underwent surgery >1 year after injury (n=7; pain 2.9± 2.5, p=0.01; DASH 22.0±20.0, p=0.02). Patients with fractures to the proximal third of the scaphoid had a trend toward higher DASH (mean, 16.5; range, 0 to 52) and pain scores (mean, 2.2; range, 0 to 7) compared to those with fractures of the middle third, all of whom reported no pain and a DASH score of 0 (DASH 0.0, p=0.09; pain score 0.0, p=0.06).
Complications and Revisions
There were three complications: one patient developed superficial cellulitis that was successfully treated with oral antibiotic treatment and two patients required vascularized bone grafting for persistent nonunion. Both patients requiring a second procedure had fractures of the proximal pole and had been injured >1 year prior to surgery.
Discussion
This study was performed to evaluate the results of compression screw fixation without bone grafting in symptomatic fibrous nonunions of the scaphoid. Prognostic factors including age and fracture location were evaluated for effects on outcomes at latest follow-up. The majority (86 %) of patients healed without requiring further surgery, while two patients with proximal pole injuries and duration of nonunion >1 year from the time of injury underwent subsequent vascularized bone grafting. Results were better in younger patients and patients with a shorter time interval from injury to surgery.
Cosio et al. reported results of multiple percutaneous pinning of symptomatic scaphoid nonunions without bone grafting [6] . Inclusion criteria were clinically symptomatic nonunions confirmed by radiographs that interfered with activities of work or daily living. All patients were at least 4 months post-injury. Eighteen patients underwent pinning with two to four 0.045-in. wires and immobilized until healed. Follow-up data was available for 13 patients (72 %) and 10 of 13 (77 %) had healed successfully. Although that study had limited clinical follow-up, it demonstrated the potential of scaphoid nonunions to heal without addition of bone graft, similar to the results reported in this work.
A series of 50 scaphoid nonunions treated with Herbert screw fixation and an analysis of prognostic factors were reported by Shah and Jones [16] . Avascular necrosis and prior nonunion surgery were found to be predictive of poor outcome. Of note, the authors found that failure to bone graft in selected patients with an Bintact cartilaginous envelope or a stable firm fibrous union^did not negatively affect results. In contrast to the present study, these authors included several patients with long-term nonunions greater than 5 years postinjury. Among the eight fractures considered to be a Bfirm fibrous union,^five were at the waist and three were at the proximal pole. All eight healed with bony union and excellent or good results.
Slade et al. reported results from a consecutive series of 15 scaphoid fibrous unions treated with percutaneous screw fixation without bone grafting [18] . The presence of fibrous union was determined by arthroscopic evaluation. At an average of 14 weeks, all patients healed as confirmed by examination, radiographs, and computerized tomography (CT).
More recently, Mahmoud and Koptan reported results from a consecutive series of 27 scaphoid nonunions treated with percutaneous screw fixation without bone grafting [13] . Fracture union was confirmed in all patients at a mean of 11.6 weeks using clinical examination, radiographs, and CT. Patients were excluded if they had humpback deformity or arthritis, but all patients had extensive local resorption of bone. In contrast to the present study, all patients underwent preoperative CT scan to evaluate remaining bone stock and quality.
Limitations of this work include those inherent to a retrospective series, including the potential for selection and reporting bias. Further, the results are those of a tertiary referral center at an academic practice, which may not be applicable to all practice environments. Finally, the relatively small size of the patient cohort limits the generalizability of the results.
This series suggest that compression screw fixation without bone graft may be an option for scaphoid fibrous nonunion with carefully selected patients. Clinical and radiographic healing was observed in 12 of 14 patients (86 %). Both unhealed fractures were of the proximal pole in patients with a duration of >1 year from injury to surgery. Fluoroscopic and intraoperative evaluation can adequately guide treatment and determine whether interfragmentary motion is present. Further study is needed to assess prognostic factors and to establish non-inferiority compared to the current gold standard treatment.
